Arabidopsis nucleoporin CPR5 controls trichome cell death through the core cell cycle regulator CKI.
Arabidopsis trichome is a polyploidy epidermal cell resulting from multiple rounds of the endocycles. The CYCLIN-DEPENDENT KINASE INHIBITOR (CKI) family proteins are core cell cycle regulators which promote endocycle. CONSTITUTIVE EXPRESSION OF PR GENES 5 (CPR5) is a plant-specific nucleoporin. It has been found that two of Arabidopsis CKIs, SIAMESE (SIM) and SIAMESE-RELATED 1 (SMR1), function downstream of CPR5 to activate plant effector-triggered cell death. The sim smr1 double mutants form multicellular and clustered trichomes, while the cpr5 mutants produce dead and branchless trichomes. This study explored roles of the CPR5-CKI signaling pathway in trichome cell cycle transition. To examine the underlying mechanism of how cell cycle transition is regulated in plant trichome, Trypan Blue staining, flow cytometry, scanning electron microscopy (SEM) and nuclear DNA measurement were conducted. The native promoter-driven CKI and GUS fusion reporter showed that both SIM and SMR1 proteins were preferentially expressed in trichome. The cpr5-induced dead and branchless trichomes were fully suppressed by the sim smr1 double mutant, suggesting that SIM and SMR1 function downstream of CPR5 in trichome development. Flow cytometry analysis showed that as compared to the number of 2C (C is the DNA content in a haploid nucleus) cells, the number of 4C cells significantly increased, whereas that of polyploidy cells (8C and 16C) dramatically decreased in the cpr5 mutant. The elevated 4C/2C ratio in cpr5 mutant is consistent with derepression of pro-endocycle regulators SIM and SMR1. The polyploidy cells (8C and 16C) may be selectively targeted to cell death which is therefore attributed to the branchless trichomes in cpr5 mutant. Nuclear DNA content analysis demonstrated that the nuclear DNA content of trichome in cpr5 sim mutant was significantly higher than that in sim mutant, indicating that CPR5 is a negative endocycle regulator in trichome. This study reveals that the CPR5-CKI signaling pathway controls trichome cell cycle transition and excessive endocycle is required for cell death in plant trichome.